Abstract. From the wilderness of Hyrule, the entire continent of Tamriel, to Middle Earth, players of videogames are exposed to wonderous, fantastic, but ultimately fake, landscapes. Given the time people may spend in these worlds, compared to the time they spend being trained in geoscience, we wondered if expert geoscientists would differ from non-geoscientists in whether they judge the landscapes in these games to be "realistic". Since games have a great opportunity for tangential learning it would be a missed opportunity if it turns out that features obviously fake to geoscientists are perceived as plausible by non-geoscientists.
. Two images used in the survey. The top two images are original and the bottom two images are processed through the "van Gogh"
filter. The left two images are from the game The Legend of Zelda: Breath of the Wild and the right two images are from the real world. The bottom two figures where presented in the survey with the question: "Knowing that this picture has gone through a "van Gogh"-filter, how likely do you think it is that the features depicted in the artistic renderings could exist in the real world? We use a 10 point scale where 1 = completely unlikely to 10 = completely likely" it as a fantasy game, such as iconic temples, towers, or Hyrule Castle were visible in the picture. To determine if participants could distinguish made up landscapes in games from real landscapes, for each picture taken from BotW an accompanying image from the real world was sought by doing a a reverse image search. Since the BotW screenshots can be easily recognized due to their rendered nature, we choose to use an automated artistic filter on both the BotW screenshots and on the real world images. The filter needed to alter both type of images enough not to be able to distinguish them based on the rendering nature of 5 the screenshots, yet retain the essential geo-features of the landscape. We choose to use the "van Gogh" filter available online (LunaPic, 2015) . Figure 1 shows how two images (BotW screenshot on the upper left and real world photo on the upper right) were transformed using the filter. Both the original as well as the filtered figures are available in the supplementary material.
Survey design
To test our hypothesis, we wanted to know if people are capable of recognizing fake landscapes from games and if geoscientists 10 are better at this than non-geoscientists. To test this, for all the pictures generated as described above we asked the question: "Knowing that this picture has gone through a "van Gogh"-filter, how likely do you think it is that the features depicted in the artistic renderings could exist in the real world? We use a 10 point scale where 1 = completely unlikely to 10 = completely likely"
To distinguish between people with and without a background in the geosciences, we asked the question "Do you consider 15 yourself a geoscientist?"
We wanted to exclude participants who had previously played BotW, as they could potentially recognize places from the game, skewing the results. At the same time, we did not want to alert everyone to the fact that the pictures they were looking at were taken from this particular game, therefore we added a broad question asking participants which games they had played in the last year, which included BotW.
As additional background information to be able to do post-hoc analyses we added questions on age, gender and highest completed education level. The entire survey, including the required legal statements on voluntary participation, proper handling of private information and the option to quit at any time, is provided in the supplementary material.
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The survey was carried out using two methods: printed version of the survey were handed out at the European Geoscience Union (EGU) General Assembly 2018 in Vienna. In this way we intended to reach people with a background in the geosciences.
After the assembly, an online version of the survey, designed in Google Forms and available through rolfhut.nl/botw (Hut, 2018) was announced using social media of the authors during the conference and in the week afterwards (April 8 through April 20, 2018).
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Statistical analyses
All 12 pictures, 6 Zelda-pictures and 6 real pictures, were rated by all participants on a 1-10 scale. The rating on photo i by participant j is denoted by r i,j . As a first step, we study on a picture-by-picture basis whether the mean ratings of geoscientists differ from that of laypeople. For this, we use Student's t-test with Bonferroni-correction to account for multiple testing.
However, our main interest is not in the individual pictures, but in the overall message from the 12 pictures. An overall 15 penalty score per person is constructed. For each photo, participants have rated the photos on a scale from 1 (=fake) to 10 (=real). The best answer they can give is 1 for the 6 game world photos and 10 for the 6 real world ones. For each photo, the distance between the given answer and the best answer is calculated (thus 0 when the participant is fully correct up to 9 when (s)he's fully wrong). The absolute value of the 12 distance-scores for the photos are added. The resulting metric is a penalty as a low score is good (the perfect candidate scores 0, one who's as wrong as it gets scores 12*9=108).
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To operationalize this we define K = (10, 1, 1, 10, 10, 1, 1, 10, 10, 1, 1, 10) as the vector of ideal answers ('1' for each picture from BotW and '10' for the real ones). We compute the score by for each person in the survey simply counting the sum of the distances to this optimal answer:
The score patterns of geoscientists and non-geoscientists will be compared both visually as through a Student t-test.
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All hypothesis tests have been carried out two-sided. The code to run these analyses as well as the anonymized survey files are available at Albers and Hut (2019) .
Results
A total of 163 people filled out part of the survey. Four participants did not score all pictures and were excluded from the data.
Furthermore, 17 participants indicated that they had played BotW and were also excluded. Of the remaining 142 participants, 84 geoscientists perform about 10% better, according to the metric in Equation (1). When including additional covariates (whether or not someone is a gamer, gender, and age) in the analyses, the message remains that geoscientists perform about 10% better, i.e. even when correcting for those covariates the difference between geoscientists and non-geoscientists remains significant (see Table A3 ).
Conclusions
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We have demonstrated that while geoscientists might be slightly, but statistically significantly, better at separating real world photos of landscapes from game screenshots, non-geoscientists are still capable of identifying landscapes from a game, even when both the real world photos and the game screenshots are filtered through an artistic 'van Gogh' filter. This suggests that people recognize the natural features in game worlds for the fantastical settings that they are. Whether people are able to distinguish factual information (a volcano is hot) from erroneous information (an arctic tundra within a five-minute walk from 10 a sweltering desert) within the context of a game is a question that requires further research. in the picture could exist in the real world, and we do not ask to judge if the picture is from a game, there is a chance that some people answered the question with this in mind. To prevent this, we used the "van Gogh" filter to hide the fact that the game screenshots were from a rendered video game image. However, people with experience in playing games might still look for tell-tale signs of video game-generated images. The paper survey was handed out at the EGU General Assembly 2018, to target 5 geoscientists. However, this was done during the "games in geoscience"-session, potentially over representing gamers among geoscientists. Post-hoc analyses showed no significant over representation of gamers among geoscientist (see table A3 ). More detailed qualitative research, guided by the results of this research, could shed light on this.
We have shown that even though the difference in the ability to identify whether an image is from a videogame, or from the real world is significant, the effect size is small and the overall scores are high. Whilst further study is needed to fully assess 10 the effectiveness of videogames when used in this manner, this study indicates that they could potentially be used as a powerful tool through which to tangentially communicate geoscientific principles.
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